Introduction {#sec1-1}
============

Sickle cell disease (SCD) is a recessive genetic blood disorder that targets hemoglobin.\[[@ref1]\] According to the WHO, SCD is particularly prevalent among people in sub-Saharan Africa, India, Saudi Arabia, and Mediterranean countries.\[[@ref2]\] A study conducted in Saudi Arabia shows the prevalence of 4.2% for sickle cell trait and 0.26% for SCD, but the Eastern province was found to have the highest prevalence rates of 17% for sickle cell trait and 1.2% for SCD.\[[@ref3][@ref4]\] Furthermore, a study conducted in Saudi Arabia, showed that 56% of 11,554 recipients had consanguineous marriages, and this high rate of consanguinity could explain the increased number of patients affected with SCD.\[[@ref4][@ref5]\] Recent developments in the management of SCD like the use of hydroxyurea have increased the life expectancy of SCD patients, and newer fundus imaging techniques have given new insight into the pathogenesis and early recognition of more complications of the disease, such as ocular complications.\[[@ref6][@ref7][@ref8]\] Sickle cell retinopathy, especially the proliferative form, has significant visual morbidity, especially due to its complications such as vitreous hemorrhage and retinal detachment.\[[@ref9][@ref10][@ref11]\] Among the different genotypes, sickle-cell hemoglobin C disease was noted to have the most severe form of retinopathy and this is probably related to blood hyperviscosity.\[[@ref12]\] A study conducted in Saudi Arabia about the ocular findings in Saudi Arabian patients with SCD, concludes that SCD in Saudi Arabia affects the retina and represents a potential threat to vision.\[[@ref13]\]

The high prevalence of SCD in Saudi Arabia, and especially in the Eastern province, requires that the population should be highly aware of the potential vision-threatening nature of this disorder. There are very minimal data regarding awareness of ocular complications of SCD in this region. The aim of the present study is to assess the level of awareness about the effect of SCD on the eye and vision and factors influencing SCD awareness.

Subjects and Methods {#sec1-2}
====================

This cross-sectional study was conducted between August and September 2017 in the Eastern Province of Saudi Arabia. The study was conducted using an online, validated questionnaire distributed to a total of 557 random eligible participants after obtaining verbal informed consent from the subjects about the study and its purpose. It was created by the authors and validated by two senior ophthalmologists in the college. Because of the very high internet accessibility to the general public in Saudi Arabia, we chose an online questionnaire. The questionnaire was prepared as Google form and distributed through WhatsApp, Twitter, and by E-mails. The individuals were contacted by the authors in public places such as malls and colleges, informed about the purpose and significance of this research, assured confidentiality regarding their identity, and the questionnaires were sent to them, only if they volunteered to participate. An oral consent was taken to inform the individuals in person and obtain an informed consent. The first page of the Google form has a section asking if the subject wants to participate in the study. The form automatically closes if the subject replies in the negative. For the study with 95% confidence interval, 5% acceptable error margin and design effect factor of 2, we need at least 385 participants and we increased the number by 45% to have greater precision. The calculation of sample size is done by using <http://www.raosoft.com/samplesize.html>. The sampling frame was the Saudi adults residing in the Eastern province of Saudi Arabia.

A preliminary pilot study was conducted on 70 participants to check the clarity and reliability of the Arabic version of the questionnaire using Cronbach\'s alpha. Based on standardized items, the Cronbach\'s alpha of the translated questionnaire was 0.58, which is statistically acceptable. These participants for validation were later not included in the full study.

The questionnaire was sent to 1000 individuals. 791 individuals responded, of which 557 responses were accepted after applying the inclusion and exclusion criteria.

The inclusion criteria for the study were the Saudi adults residing in the Eastern province of Saudi Arabia. The residents of other regions, non-Saudis, patients with other hematological or chronic diseases and medical and paramedical professionals were excluded from the study.

The study had been submitted and approved by the Research and Ethical Committee of College of Medicine. Data were analyzed using the Statistical Package for the Social Sciences, Version 20 (IBM Corp., Armonk, NY, USA). Mean and standard deviations were calculated for continuous variables, independent *t*-test was used to determine the statistical significance between two groups, one-way anova was used to determine the statistical significance between three groups or more and percentages were calculated for categorical variables.

Results {#sec1-3}
=======

A total of 557 Saudi adults participated in the study, 473 were female (84.9%) and 84 were male (15.1%). More than half of the participants (*n* = 329; 59.1%) were between 31 and 40 years of age, followed by the age group of 41--50 years (*n* = 131. 23.5) \[[Table 1](#T1){ref-type="table"}\].

###### 

Population distribution by age (*n*=557)

  Age group (years)   *n* (%)
  ------------------- ------------
  31-40               329 (59.1)
  41-50               131 (23.5)
  \<20                97 (17.4)

Over two-third of the participants (*n* = 398, 71%) were nonsicklers. Of the remaining 159 participants, 75 (14%) of them were SCD patients and 84 (15%) were carriers \[[Table 2](#T2){ref-type="table"}\].

###### 

Demonstrating the sickle cell disease status of the participants

  SCD status   *n* (%)
  ------------ ------------
  Normal       398 (71.5)
  Carrier      84 (15.1)
  Diseased     75 (13.5)

SCD: Sickle cell disease

The majority (*n* = 363; 65.2%) of the participants had bachelor degree, 124 (22.3%) had high school education, 29 (5.2%) had secondary school education, 15 (2.7%) had elementary school education, 14 (2.5%) had master degree, and 11 (2%) had PhD degree.

In terms of SCD knowledge, 480 participants (86%) were aware that SCD is genetically inherited. However, 215 participants (38.6%) were aware that SCD can affect the eye and 319 (57.3%) had no knowledge. Only 94 participants (16.9%) were aware that SCD can cause permanent blindness. Half of the participants 291 (52.5%) did not know that ocular trauma in SCD patients was more dangerous than normal individuals \[[Table 3](#T3){ref-type="table"}\].

###### 

Awareness of ocular complications of sickle cell disease among Saudi adults in eastern province (*n*=557)

  Questionnaire item                                                         *n* (%)                 
  -------------------------------------------------------------------------- ------------ ---------- ------------
  Awareness of SCD complications                                                                     
   SCD can affect the eye                                                    319 (57.3)   23 (4.1)   215 (38.6)
   SCD can cause permanent blindness                                         402 (72.2)   61 (11)    94 (16.9)
   SCD can cause a painful, red eye                                          336 (60.3)   41 (7.4)   180 (32.3)
   Ocular trauma is more dangerous in SCD patients than normal individuals   291 (52.2)   32 (5.7)   234 (42)

SCD: Sickle cell disease

The level of awareness has neither significant difference between both gender (*P* = 0.7) nor age group (*P* = 0.5). On the other hand, there is significant difference in the awareness between different educational levels, in which, there is more awareness in the higher educational level (*P* = 0.01). When asked about the importance of regular screening for the detection of ocular complications of SCD, 475 of participants (85.3%) correctly answered that annual screening is important. When knowledge about the best method to treat SCD retinopathy was enquired, 330 participants (59.2%) had no knowledge about the treatment of SCD retinopathy \[[Table 4](#T4){ref-type="table"}\]. It was also noted that there was no significant difference in knowledge among the sicklers and the nonsicklers (*P* = 0.21).

###### 

Knowledge among the participants about the different methods to treat sickle cell disease retinopathy

  Methods of SCD retinopathy treatment   *n* (%)
  -------------------------------------- ------------
  Drops                                  56 (10.1)
  Glasses                                51 (9.2)
  Laser                                  71 (12.7)
  Surgery                                49 (8.8)
  I do not know                          330 (59.2)

SCD: Sickle cell disease

When enquiry was made about the source of knowledge, the majority of the participants (*n* = 86, 35.5%) reported that they got the information from the internet \[[Table 5](#T5){ref-type="table"}\]. It was noted that 56.4% of the individuals could not answer about the cause of loss of vision in SCD; the others thought that it could be due to damage to the optic nerve (17.6%)/cataract (6.5%)/change in refraction (1.8%). About 17.6% of the participants correctly answered it to be due to damage to the retina.

###### 

Source of knowledge of ocular complications of sickle cell disease among Saudi adults (*n*=557)

  Source of knowledge           *n* (%)
  ----------------------------- ------------
  Doctor                        44 (18.18)
  Other health care personnel   21 (8.68)
  Family member                 35 (14.46)
  Internet                      86 (35.54)
  Magazines                     10 (4.13)
  Other                         46 (19.01)

263 participants (47.2%) thought that the best method to prevent blindness in patients with SCD was by regular screening, while 161 (28.9%) did not know about the prevention method in SCD retinopathy. Many participants answered that good diet prevent blindness in SCD patients (*n* = 112; 20.1%), few participants thought that exercise (*n* = 11; 2%) and using proper glasses (*n* = 10; 1.8%) could contribute to preventing blindness.

Education levels were significantly and positively associated with the knowledge of SCD complications, manifestations, and treatment in this study (*P* = 0.010) \[[Table 6](#T6){ref-type="table"}\].

###### 

Significant differences in the knowledge of ocular complications, manifestations and treatment of sickle cell disease retinopathy according to education level among Saudi adults in the eastern province (*n*=557)

  Level of the knowledge   Mean score
  ------------------------ ------------
  Elementary school        1.97
  Secondary school         2.13
  High school              2.09
  Bachelor degree          2.10
  Master degree            2.24
  PhD degree               2.40

Regarding the eye examination in sickle cell carriers and SCD patients, 124 of them (71.3%) never examined their eyes, while 50 (28.7%) examined their eyes to check if SCD had affected their eyes. When asked specifically if they have examined their eyes in the past 12 months, 106 of SCD carrier/patients (61.6%) did not have eye examination and 66 (38.4%) examined their eyes.

One-way anova test was used to measure the difference between the age groups in their knowledge. This test shows no difference between age groups in their knowledge \[[Table 7](#T7){ref-type="table"}\].

###### 

One-way ANOVA test for variables (age group and level of knowledge)

  ANOVA                                           
  ---------------- -------- ----- ------- ------- -------
  Between groups   0.143    2     0.071   0.617   0.540
  Within groups    64.021   554   0.116           
  Total            64.164   556                   

Discussion {#sec1-4}
==========

The present study was found to be the only one to assess the knowledge of ocular complications of SCD in the Eastern province of the Kingdom of Saudi Arabia. The PubMed and Cochrane databases were searched to look for other similar researches in this area, but none was retrieved. There was an estimate of the prevalence of SCD done by The Saudi Premarital Screening Program between 2004 and 2005 and a total of 488,315 individuals were screened, 4.20% had sickle cell trait and 0.26% had SCD with the highest prevalence noted in the Eastern province.\[[@ref11]\] The high prevalence of ocular complications was observed more in HbSC genotype, which is a consequence of its relatively benign course.\[[@ref11][@ref12]\]

Our study had 557 participants, while 450 Omani adults participated in a study conducted in Oman.\[[@ref14]\] More than half of the candidates (59.1%) in our study were between the 31 and 40 years while 53.8% of participants in Omani study were between 18 and 29 years of age.\[[@ref14]\]

More number of females responded to the questionnaire, which could be due to the more responsiveness of females and readiness to participate in health surveys.

38.6% of the population in our study were aware that SCD can affect the eye, whereas 20% of the population in a study conducted in Oman and 36% of a Jamaican study were aware that SCD can cause organ damage.\[[@ref14][@ref15]\] The difference in knowledge between the present study and the Omani study could be explained by the fact that the prevalence of sickle cell trait and SCD in the Eastern province of Saudi Arabia were 17% and 1.2%, respectively, which is higher than the prevalence of sickle cell trait and SCD in Oman was 6% and 0.2%.\[[@ref16]\] Increased prevalence probably leads to improve awareness. In contrast to the Jamaican study, our study showed no difference in the knowledge between the age groups, whereas important gaps were identified in the adolescents\' knowledge and understanding of presentations and complications associated with SCD in the Jamaican study.\[[@ref15]\] Sickle cell trait was found in 1 in every 10 persons in Jamaica and the high awareness among the Jamaican population was attributed to the high prevalence and high general education in various studies.\[[@ref17][@ref18]\]

Educational levels affected the knowledge regarding SCD retinopathy in our study, which was similar to the Omani study which revealed that education level was the only sociodemographic factor significantly associated with mean total knowledge scores.\[[@ref14]\] According to the positive relationship between educational level and more awareness about the disease, awareness campaigns, both online and through brochures and leaflets would go a long way in increasing the knowledge of the population and improve coping skills. Studies in Jamaica have proved conclusively that the high awareness levels are related to the high general educational levels.\[[@ref18]\]

A study showed that SCD can affect both the anterior and posterior chambers which eventually lead to visual impairment.\[[@ref19]\] About 72% of the study population were not aware that SCD can cause permanent ocular damage, which is a cause of grave concern, as retinopathy is a serious complication, and an Egyptian study mentions sickle cell retinopathy as the most common complication of SCD.\[[@ref20]\]

Only 47% of the respondents were aware that regular screening is the best way to prevent the blinding complications of SCD as recommended in a study conducted in Egypt which advised for a periodic ophthalmologic examination starting at the age of 12 years to identify the retinal lesions thus minimizing the risk of threatening retinopathy.\[[@ref20]\]

71.26% of sickle cell carriers and 28.74% of the SCD patients who participated in this study never had their eyes checked. This is a worrying trend. Annual ophthalmological examination in adults and biennial examination in children with SCD should be strictly enforced. Yet another study confirms the early retinal changes in sickle cell anemia and SCD patients and supports the need for ophthalmological monitoring in early childhood to avoid the progression of proliferative sickle cell retinopathy to blindness.\[[@ref21]\] Studies recommend referral of individuals with SCD to a retinal specialist from the age of 10 years for retinal evaluation, with re-examination every 1--2 years for those without evidence of retinopathy. Additional retinal investigations like FFA are recommended in case of detection of retinal changes.\[[@ref6][@ref9]\]

Saudi Arabia has a policy of mandatory premarital screening, which is a strong measure to increase awareness and also is a step to reduce future prevalence of SCD in the population.\[[@ref22]\] Premarital screening was found to significantly reduce the number of at-risk marriages and it is hoped that it would reduce the disease load in the future.\[[@ref23]\]

Despite the high prevalence rates of SCD and trait among the Eastern province of Saudi Arabia, the present study shows a less than expected awareness levels. It is concluded that awareness levels among the public have to be raised to increase knowledge regarding ocular screening, early detection, and prompt management. Increasing the knowledge of the chronic disease has been reported to improve self-management.\[[@ref24]\] The use of campaigns, (including mass media campaigns) flyers and posters in public places would be very effective in raising awareness among the general population, as demonstrated in other studies.\[[@ref25]\] Due to the high internet penetrance in the Saudi population, which is almost 91%, it is proposed to utilize the internet as a source of dissemination of information regarding the eye problems in SCD.\[[@ref26]\] Studies have demonstrated the patient preference and effectiveness of mobile-based health applications in improving health awareness in different studies in Saudi Arabia.\[[@ref27][@ref28][@ref29]\]

This study is probably the first of its kind in the Eastern region of Saudi Arabia. However, the limitations of the study were thought to be a difference in the number of female and male participants and the inability to reach all strata of the general population as the study mainly focused on the population in public places. Although the high internet penetration in Saudi Arabia encouraged the authors to use an online questionnaire, it could be a limitation in reaching all the members of the population.

Conclusion {#sec1-5}
==========

Considering the high prevalence of SCD in the Eastern province, the level of knowledge about the ocular involvement, complications and management is quite low. Awareness levels among the public has to be raised to increase knowledge regarding ocular screening, early detection and prompt management. This will help to reduce the visual morbidity from this condition. Health education would play a major role in this direction. Awareness campaigns, both online and through printed materials will go a long way in achieving this aim.
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